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FIG. I 


(54) HEAT-EXPANDABLE FILLING REINFORCEMENT AND CLOSEII^SECTION STRUCTURAL- 
MEMBER STRUCTURE REINFORCED WITH SAID RBNFORCEMENT 

(57) This rivertlon relates to a reinfcM-ced closed- 
section structural-nranfcier sfruchjre making use of a 
heat-foamat^e tafing reirrforcement The structure has 
been formed by cofwecfing plural ctosed-setaton struc- 
tural m&nbers (11-15) togettier. Tliese cioeed-section 
structural members (11-15) are irternaNy filed with a 
heat-toaned filngi reti^ycement (i) which conprises 
an ^XKxy resin materii^. a synmetk; mbber material and 
& ^ermoplasitc resin material as conponente. 
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Description 

TECHNICAL FIELD 

This invention relates to a heat-toamafale filling ran- 
tofcement and ateo to a reintorced closed-section struc- 
tijr^-m^rdser sti'tKlure making use of the same. 

BACKGRCSJND AFTT 

Foamed materials are rrow used in piars, roof 
header panels and the like of veWde bodies, centring 
arcHjnd high-grade vehicles, with a view; to achievirtg 
tmfwcvemenis in noise insulatit»i and improvements in 
energy absorption characterisfics. It is FIG. 21 that illus- 
trates sites with a foamed material applied therein. As is 
shown in FIG. 21 . an foamed material 100 is filled in pil- 
lars (frwrt piUais 1 1 , cen*«r pillars 12 and rear pillars 13) 
of a ^^hicle body 10. 

For the foamed material 100. a formed sheet mate- 
ria of a synthetic rubber such as a Bfl rU:ber (butadi- 
ene-base riAiber) or an SBR rubber (styrene^butacSene- 
base rubber) or polyettiylene or a pis^rurelhane-base 
liquid material is used. Their charact^isiks are shown 
in FIG. 22. In essence, a formed sheet mater el is easy 
in application work arri conpared with a licMd materia, 
is also Mlvantageous in total oost. 

However, the use of the conventional foamed mate- 
ria 100 made of such a synthetic rubber or ur ethane- 
base mat^ial {whose expansion ratio ranges from 200 
to 2,000 percent) in ptNai«, a roof header panel and the 
IHte is acconpanied by fte problem that no caitrfbuttoo 
is made to improv^^its In VneAf structural strength and 
rigidity, because the <*|ective of its use is to improve the 
noise insulation and the energy abscM-ption characteris- 
tics. 

InctdentaBy, a closed-section structure is often used 
in connecting menOers of a vehicle so ftiai rigidification 
of a foamed material, if feasitile. is expected to improve 
the rigidity of such connecting members and/or to 
SffihNBW their integration. However, tte conventional 
♦oanwd nwierkd 100 ck>as not tave a rigidrty-improving 
fimction because its primary c^jecfive is to tnprove 
noise insulation or ena-gy absorptton as descrlwd 
above. 

Witti tie foregoing prcANem in viewf, the present 
irweniion has as its object the provision of a heat-foam- 
We fiing renforcement of such a fight weight ana iow 
price as not avaiiafjle to date and also of a ranforced 
closed-secfton structural-member structwe making use 
of frie h^i-fesamable f Biing reinforcement 

Disdosure oS the inveitton 

A heat-foamabte firw^ reinforcwnent accordng to 
the present inver^kjn is diaracterized in that saki heat- 
foams^e fUGng reirtlorcenrtent cc^iprises at 1^!^ an 
epcMy resin materia, a syrtttietic misber material and a 
th^mqaiasttc resin material as comp(X)ents. and said 


epoxy resin material amounte to 30-45 wt.%, said syn- 
thetic rubber material amounts to 5-15 wt.% and said 
ttiermcplastic resin material amounis to 5-15 vrt.%, with 
ttie total of ttie weight percentages of the individual 
5 components beir^ in a range not exceeding 100 wt.%. 
Owng to these characteristic features, me heat-fowa- 
ble fWmg ranfw<»mHil accordir^ to the present inv^- 
tion bring about sUsslantiai Mnprovemenfe in flexural 
rigidity and twisting rigidi^ and also an irrp^wemait in 
w energy absorpfesi characts-istics. 

Preferably, the heat-foam^e fiWng reirA)rcefneni 
hjrtifer comprises a filer as a con^«it, and the filer 
amounts to 40-50 wt.% with ttie total of the weigt^ per- 
cent^es of the Individual aanponertts inducing the 
15 filler being in a rar^e not exceeding 100 wL%. These 
features can reduce the cost. 

Furthw, a reinforced closed-SKrtion structure- 
member structure according to the present invention, 
said ElTucture making use of a heat-toamaWe tilling rein- 
so forcement and bang formed of plural closed-section 
structural men*ers connected tqjeiher, character- 
izsd in that the dosed-section sfructural members are 
internally filled witti a heat-foamable fling reinforce- 
ment which comprises an epoxy resin material, a syn- 
25 thetic ritober material and a friermoplastic resin materid 
as components. These features can bring about 
improved rigidity, thereby making it possible to achieve a 
weight reduction thrwjgh a reduction in the thickness of 
panels and also to attain djviation of reinforcing conpo- 
30 nents sudi as a bulkhead. As a resirt. it is possible to 
meritoriously acNeve a reduction as mudi as 

several Wlograms per vehicle while suflicientty maintain- 
ffig the nose in^ation at the conventional level. 

In the atjove-desaibed sbucfajre, «ie heat-foara- 
ss ble filling reinforcement may ateo corttain a fi^ as a 
component w caidum carbonate as a conponenl. This 
feature makes it possljle to fwevent rurs (sags) of f»e 
heat-foamat^e filling reinforcement upon heat-ing. 
The heat-foam^e filling reinforcement, wrtiich 
40 corTHxises the epoxy resin material, ttiesynttieticrutstwr 
material and the themxplastic resin material as the 
ownponente, may be partially filled in or adjacent lo 
connected parts of the dosed-section slrucbjral mem- 
bers. This featitfe cat\ contribute to a further inprove- 
43 ment m rigidity and also to a fwlher reduction in weiQhl 
over the conventional heat-fcamaWe fi«mg reaiforce- 
mertfs. 

Furtha-, the ejxixy resin matertal amourts to 30-45 
vvt.% and is in the form of a foamad material, the syn- 
50 thetic rubtser material anmounte to 5-1S wt.%, and the 
thermcplastic resin material amourrts to 5-15 wl.%. 
According to this composition, frte conterti of the syn- 
thetic rufc)ber material is as kM as abCHit 1/2 of the cwi- 
ventioml contm, v^ereby a f^aslkazef is no tornjer 
55 needed and a high expan^onraftj and high rigi(% can 
achl&red. 

for the heat-foamed filling reinforcement, if is pre- 
ferred to use a ftamat^e mate^ial whose ea^nsiwi rafc 
ranges from 200 to 500 percent affe- heating and Off- 
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tng. This makes it posat^e tofi the heat-toem^lefllir^ 
reinforcement at a higher efficiency in the closed-sec- 
tion structural menbers. 

BRIEF DESCR1PTK)N OF THE ORAWif^ 

FIG. 1 shows sites to w^ich the present inventkin is 

appiied; 

FIG. 2 shows a site to which the present invention is 
applied; 

FK3. 3 illustrates workir^ steps at an foamabie 

niater iaf in me form of a sheet; 

FIG. 4 Illustrates use 01 a pre-lormed reinforcement 

accordir^ to the ixesent irwerTBon; 

FIG. 5 dqsicts expansion ratios as a function of 

bakmg, toaming and curing condiVone; 

FIG. 6 depicts an apfxopriate range of baMng, 

foaming end curing conditions; 

FIG. 7(a) and FIG. 7{b) ksoth Illustrate the manner of 

handling of a clip insertion hole; 

FIG. 8 illuslrstes use of straight frame specimens; 

FIG. 9 shows the resutts of a fiexival rigidity te^; 

FIG. 10 show® loadKiisFriacement characSerislics in 

a compression t^; 

FIG. 1 1 defects the specificatitm of a specHTien and 
test condffions; 

FIG. 12 depicts rigidities measwed on real compo- 
nents; 

FIG. 13 illustrates the results of a static loading test 
of a center piisr; 

FIG. 14 illustrates ttie results d a noise insulation 
t^t; 

FIG. 1 5 shows components of a heat-foamaWe fil- 
ing reinfofcem^Tt according to the present inven- 
tion and objectives of addition; 
FIG. 16 ^ows va'iations in prirxapat physicd prop- 
erties depexfing on the conposliion; 
FIG. 17 also shows variations m principal phyticai 
prc^erties depending on the composition; 
FIG. 18 also shovre variations ri principal physical 
properties dependir^ on the composition; 
FIG. 1 9 compares a heat-foamable filling reinforce- 
ment according to tw present inveition in physical 
properties with a foamed mato-lai of ^e prior art; 
FIG. 20 cc»Tipai^ the heal-foamab(e fillirtg rein- 
forcement accc»difiig to the fxesait inventiorj in 
work characteristks vwth the the foamed material of 
^prk»rart; 

FIG. 21 shows sites to vMch a conventiwial prod- 
uct is e(^«S; and 

F«3. 22 shows dmrarterlsiicE of farmed sheets 
mat@-iate al a synthetic rufct^. such as BR rufcber 
or SBR riAber, or of po^fethylene and a pcrfy- 
urethane-base liquid material, all, as conventional 
foamaWe maferiate. 

BEST yODE FOR CASRYM3 OUT THE INVENTfOl^t 

With refererue to the ar%wir^ a desaipiion wil 


hereuiafter be made abCHit a heat-foamaUe filtkig rein- 
forcement according to one «iibocKm«it ol the preser^ 
tnventicn and a reinforced closed-secyon slrw^ai* 
member structure rriaking use of the heat-foamafaie f U- 

5 ing reirdorcement 

RfSt, characteristics and pl^sical properties of the 
heat-foamat^e filling reinforcement acajrcing to the 
present invention will be described. 

Upm development of the heat-foamaWe f aiing r ©n- 

10 forcement {w^ich may haeinafter be called "the devel- 
oped matertal"), an investigation vaas conducted wifri a 
target placed in ol>taining one pentitting an^lar han- 
dling as ft»mat^e ntaterials em|:Moyed to date and as a 
ligfti-we^ht and km-cost material, enabling to acNeve 

IS an overall cost merit, to say noWwgrt a reductoj in the 
weight of 8 real cax. Although efxwy r^ne. poly- 
ivettranes, ao^yik: reskis and the ll«e were studied, a 
principal conponenl of the material we limited to epaxy 
resins for their highest possibility of most closely 

so approaching the ^XJve target. 

On the premise ttnat the heat-foamaUe filing rein- 
forcement would fc* used in a weld assembling st^ 
<see the st^ n FIG. 3) of a vehicle component, a 
fwrned sheet was chosen as the form of the material. 

6 ^xorduig to ^e steps of Fia 3. a component 20 is first 
ixessed in a pressing step, a heat-foaneiate filing rein- 
forcement 1 in the ibnm of a sheet is bonded on the 
pressed conponent 21. and frie fressed corrponents 
21,22 are welded together. The Sius-welded conpo- 

30 nents are then processed ftrough a degreasing and 
washing st^, and an elecft-odeposltion step and foam- 
ing is comf^eted tn a tsaking step. 

The heat-foamat)le tilling reinforcement l In the 
form of ttw sheet is bonded on the (vessed competent 

as 21 aa described above, vm a view to ac^ievNig 
Hnprovements in initiai adhesion and ruslproofir^ prc^ 
ert^. tlie heat-foarT»t:ie tMng reirtforc^enl 1 was hst- 
nistied as a double layer t^ which was composed of a 
pre-formed reinforcement a, and an adhesive is^ b. 

40 hKidentally, in FK3. 4, c designates a release papa-. 

A description will next be made cf l^ttures devised 
in composition, which have realized the high e]q3af«nn 
ratio and high rigidity as great merits of the tKst-foama- 
tie ti\fk)Q reinforcement 1 . 

4S The visct^ity of an epoxy resin is readily affected by 
flie temperature. In a high temperature range (160- 
aoCC) as in a veNcle paint baking 0¥®i, the resin vis- 
c(^y becomes excessive tow so that the resin car^ 
hold deaiNTipouton gas ol a foaning ag«it and am 

sc lardly achieve a Nglieaqaara^onrafeWWh such a 

lem in bacit^ound, a gr^ de^ of a synthetic rubber 
(BR, SBR or the like) has been incorporated to fwkf gss 
artd a pfastidzer lias also be^ added to enhance the 
conpatibility of the synfrietic rubber. It has h^Tce been 

55 difficult to obtain a Ngh-rigidity body of a high expansion 
ratio irom m<t% a corrpositai. 

Hosvever, hi attenipfe to incr^se tie melt visassity 
a finater^ and heme to Improve the g^-hokfirig 
ity at 0ie time of bafdng and curing, att)»iSon was paid fo 
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irrprove the compatibHity between an ^xwy rean and a 
synthetic nAiier vwttWHM aSdng a plaslicizw. Thus, 
uskig as a base an epooy resin on w^h a synthetic 
rut*er tad already Iseen polymerized, a rubber of the 
same type was iriGarporated as a p<»t adcJithre, feilowed 
by ftJrthw inrorporatJon of a resin-bsse eiastomw (ther- 
moplastic resin matwial). Namely, the heal-ioamabte 
f iniig reinforcement 1 conprises at least an epoxy resin 
matwial. a synthetic nttoei material and a mermoplas- 
tic resin materia) as components, and more specif icalty. 
it coufxises 30-45 wL% of ttie ^xy resin material. 5- 
15 wt.% of the s)Trthietic nJotoer material, 5-15 wt% of 
the tiwrmoptasttc resin material and further, 40-50 wt.% 
of 6 filler. As the heat-foamable filling feinfwcement 1, 
an foanaWe nrateriai capaWe of achieving an expan- 
sion ratio of 200-500 percent after hearing arKi curing 
can be used. Further, one c^aat^e of fwowcfing com- 
pression sfrengm as as 10 kgW or more can be 
used. 

Here, the cortponents of the heat-foanrtal^e fiBing 
reriforcement 1 and objectives of their addition are 
shown in FIG. 15. 

As will also afi^fedated from FKB. IS. the epoxy 
resin material is added to impart high rigidity, Wgh dura- 
bility and high adhesion, the synthetic rubber matK-ial is 
added to impart tormability, and the themioplastic resin 
material is added to relate the melt viscosify. Further, 
the foaminjj agent Is added to achieve expansion or 
foaming, the curing agent and the curing accelerator are 
added to crc^rri< the epoxy resin material, carixm 
Uack is added to achieve reinforcement and ccrioring, 
and the filler is added to impart shape ref^ition. 

On the other hand. ^ prqportionB of the epoxy 
resin material, me synthetic mbber mat^i^, the ther- 
mqalastic resin material arri the like are determined as . 
wi( be descrtbied next 

First corlcerning the epoxy resin material, its low 
proportion leads to inferior rigidity, du-abilrty and adhe- 
sion. At least 25 wt.% is therefore needed. Its high pro- 
porfion, on the other hand, leads to a prf^em in cost. - 
so th« tiie ifjp^ fimtt is set at 40 wt,% a- so. 

With respect to the synttiettc rubber material. Its low 
propa1ic»i poses a ptciit0m in fbrmability so tliat at le^ 
5 wl.% is needed. Its high proportion, on the other hand, 
leads to a higher hardness, so ttrat the vppet limit is set 4 
at IS wt.% or so. 

Regarding the thermqaiastic resin mat«-ial, its pro- 
portion ffi 6^ in a range of 5-15 wt,% frcsm the viewpoint 
of ref ulaticm ol the melt viscosity. 

The syntfietic rtiSjer and the thermcptestic resin, s 
which are essential elements of the present tiwenfion, 
mi next be described ftrtier. 

A description will first be made of the synthetic rub- 
ber. 

Despite the fcrm of the epo^iy resin at room tender- si 
Bttse {tk|uid to soM), it tetes the form of a tk^id having 
3 kw visccffiHy at Wgh ten^atures df 160-2S0'C so 
ttiat rt cannoi tski deosmposition gas the foaming 
agent, ther^ mal<tng if kipossible to obtan a product 


of a high expansion ratkj. Further, if the viscosity under- 
goes considerable wriations depending on the tenper- 
atojre at ttie time of processing, inconvenience arises m 
compatibilily upon mixing, in extnjKiabiBty Lpon forming, 
s ete. 

To cwercome these problems, the present invention 
makes use of flie synthetic riiiber which has good com- 
patWIity vwtii the epoKy resin. Us^e exan^es ol the 
syntlietic ritiber include NBR. caitMxylated NBR, epoxy 

10 NR. epichlorohydrin rubber, moelfied NBR, and the like. 
When sudi a ri*ber is btended with the epoxy 
resan, ^nscosity is produced at a htgh^tempffl-stwe time, 
thereby f^cmioling ttie growtti of flms by foamlngi 
enhandng the holding of foarrsr^ gas and hence mek- 

15 ing it posstole to obtain a body of a high-expansion ratio. 
In addition, the tenperature-deperx^ertt viscosity 
variations are reduced, ther^y improving the processa- 
Mity. Owing to the con*ination of this fact and the 
inproved viscosity at rocm temperature, good bonding 

so on a pr^ed coriponent is always assured irrespecfive 
oftfwse^ai. 

To bring about these advantageous effects, the syn- 
tiietic rii)b« is added in a proportion of S-15 wt.% as 
desca-ibed above. To acNeve optinial expansion or 

s foanwig, however, 5-10 wt.% e desired. Incider^^y. 
addition in a large proportion ie«f& to a loss in reinforc- 
ing ^Rty. 

A description will next be made about the thermo- 
plastic resin, 

to Namely, ttie thermoptestic resin is used to prevent 
runs (sa^) uid» heat «i an ED drying oven when the 
heat-toamabtefilSngreirr(ofcertwit (developed material) 
1 is used in a vertical jwrton. Us^e examples of the 
friermc?)lastlc resin include polyvinyl bulyntf, styrene, 

s modBied styrene products, acrj^ic add, modffied acr^ 
products, polyamides and the «<e. Organic bentonife, 
colloidal silica or the like has conventionally be used. 
Use of these conventional materials results in a low vis- 
cosity and easy escape of at a high-t^r^jerature time, 

0 tfiereby failing to obtain a product of a high exparsicn 
ratio. 

To overctMTie these prdalems, the present invention 
mi^«s use of Itie tjemioplastic resin so that at hi^ 
temperahjres. viscosity can be procfeiced to such a levti 

1 as dMnatir^ rtms or sags. 

For tote viscMity adjustment, #te thermoplasfic 
resin is generally added in a prop<siion of S-1S 
a&hough the proportion varies depaxfioQ on the molec- 
uter w^ht and meMng point <^ ttie resta The opSmal 
■ proportion ranges from 5 to 10 wt.%. An unduly iar^ 
proportion leads to deterforafiors in reir*orcing ability 
and the fixedness on a greased surtece. 

Rbffl-s (glass, pirip, or ssbestfs) or fine particulats 
caidum carbonate is ised fiw Sie prevention of runs. 

S«ic» the OHrtent of fhe syntftetic rubber in tfie 
heat-fcsamaWe f iSing rertfejrcanent l has been reduce 
to about IS of the conventional content as d^rtoed 
above, a plasticizer has become no long«- necessary 
so Jhaf a high expansiwi rafio and high rigi<aty have 
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been adiieved. 

axne examples wi next be described togelher 
with comparalive examples. They can be surmarized 
as shown in FIG. 16 to FIG. 18. 

In these ligures, Corrparative Example 1 s 
errployed, as a synthetic rubber material, SBR-1502 
vs?hich does not have compatibility. The material ttiere- 
t(xe did not develop viscosity, had high fixe*iess on a 
greased suriace, was putty and was not foamed. Com- 
parative Example 2 employed organic bentonite for the io 
prevention ot sa^, which adversely attectej the loam- 
ing. In Cofrparative Exartpie 3. the cc»rtert of iJie syn- 
thetic riisber was Increased so that the viscosity at high 
t^nperstures became hitter, the eiqpan^ ratio was 
low, the resulting ^eet vias hard and ttie adhesion is 
towered. In CJomparative Exan^e 4, the cwtenl of the 
thermoplastic resfn material was increased so that like 
Comparative Exanni^e 3, *ie expansion ratio was low- 
ered, the resuttir^ sheet was hard and the adhesion 
was lowered, hi Conparative Example 5, the c<witent of so 
the thermoplastic resin material was lowered, resultkig 
in g-eater sags. In Comparative Exanpie 6. the content 
of the syntfietic rubbw was lowered so that the ej^n- 
skin ratio becanne iowHSr and the resulting sheet was not 
satt^ctcKy in properties. 2s 

Incidental^, the term 'developed material* as teed 
in FIG. 18 means the heat-foamable filiing reinforce- 
ment 1. 

This developed material has also been found to 
achieve prevention of sags i^xm foaming and curing so 
and also a uniform eiqsansion ratio owing to its adjusted 
m^ viscosity {see FIG. 5). 

As a further characteristic feature, it is also men- 
tioned thai in addition to a hi^ expansion ratio, the con- 
trol the filter (celckjm carbonate w ttie M<e) has been 35 
increased ctose to 50% (by weigN) based m the whcrfe 
mataial to prowde tie materia as an economical mate- 
nal. 

Further, the developed material (the heat-foamable 
filing reinforcement according to the present invenfion) 40 
1 ts compared in physical properties with a foamed 
material of the prior art in FIG. 19. 

A desaptitxi wiB next be made about work charac- 
teristics of the developed material (the heat-foamable 
f Uir^ reinforcement acconSr^ to the present inventkm) 4S 
1, 

First, the developed material is used hi a wdd 
assembSng st^ of a cornponi«« (see FK3. 3) so tttat it 
«E necassary to a»4im its c(wipstlsi% w*i wortw^l 
ei^ Sixit as Us g^e«s«id s^ce aeiie^on, its vertical so 

baking af^icabWfy and its irrtuaice to a painting step. 
Its foaming and curing properties are also importani 
because eI^od^3ositic« ctatii^ tormiiatiorB of tow- 
temperature and shcsl-time curing type are adopted 
recently and paint baking ovens have become lower in ss 
ien^rature and shorta- in processing time. 

If is hcwever understood that the den^oped male* 
rial 1 can meet a wkte range ol talking coneMtons from a 
low-tenrpersttH'e feuige to a Ngh^empaatire range 


owing to tiie adoplfon of a fow-temperature reactive ctv- 
ing agent and a low-temperature deconposable foam- 
ing ag^ (see FIG. 6). 

Forth®-, trortt pillars aixJ center pillars of a vehide 

txxJy, to w^ich the heal-foamaWe filling reintorcemerrt 1 
accordir^ to the present invenfion is applied, are pro- 
vided with many clip insertion holes for fixing trims, 
weather strip rubbers and the like. If the heat-foamable 
filling reinforcanent 1 Is applied as is, these holes are 
tjlocked and due to its high hardness, clips can no 
tongef be inserted there. To avoid this prc^lem. the 
heat-foamable filling reinforcement has a nwlti-layer 
sheet structwe so that it is partty formed of a soft syn- 
Iheto-rubb^-base layer (soft layer of foamed materiai} 
32 at a location corresponding to a inser«on hcrfe 3 1 
as ^xiwn in FIG. 7(a). Owing tothe pfovition c#the soft 
layer of foamed material, a cl^> 33 can be easily inserted 
without lowering the rigidity of the resulting heat-foamed 
filing reinforcement as shovtm in FIG. 7(b). in FIG. 7(a) 
and FIG. 7(b), numeral 34 indicates an outboard pillar 
panel wh\)e nunveral 35 designates an inboard pillar 
panel. 

Other work characteristics are substantially 
same as those o^ the currerrt foonable material and 
invdve rxi particuter probt^rs. The con^iartean resiMte 
are ^own in FIG. SO. 

A further descripfion wil now be made about Us 
applicatfon to a closed-^eclfon structure member. 

First of al, qua% confirmation makkig use of a 
Slrai^ frsne wli be descrlaed. 

(1) Testing method 

Used as a spedmen was a speciniwi 41 vsrhich had 
been obtained bonding a heat-foamable filling rein- 
forcement (which may be c^ted a "toamable materiar) 
on an inner wall of a hat-shaped frame, s^jerposing an 
associated frame on the former frame, spot-welding the 
frames together, and then siAijecting them to baking 
under predetermined osnditions to caise toansng and 
curing of the formed sheet (see FIG. 8). Fixing pSates 
are then welded to qaposite enote of the ^aecimen 41 to 
facilitate mounting of the ^ecimen on a testing 
macWne, Using such specimens, a faendirtg test, a 
twis^ng test and a cwnpression test v&re conducted. 

(2) Testfe»iAs 

The ftTames wm Hie foamaMe maMai 1 aecordi*^ 
to the fM-es^T* inv€Mifion filed fr»rain w«re irrptved in 
aK the pretties and exhfeited ttecural rigidity Ngher by 
as imich as 1S% (see FIG, 9) md twisfing rl^cfity higher 
by ss much as about £0%, botti compared *m flie 
specimens without tfis foam^e material. The filling of 
the toamable material t has therefore demonstrated to 
tying about sufficiertt advantegeous effects. 

Fufe\&. as is illustrated « FIG. 10. ttie ave-age 
breaWng resistance hss also been found to iicrease by 
asmiidiasabout^3%inthecofnpressiontest. In add- 
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tion, with respect to the effidency of energy a^iscsption. 
bett^ re^Hs were also obtained man flK^e obtained 
from the spedmai with the conventional fo^nat^e 
rraterial. 

Chiality confirmaliom makkig use of a real compo- 
nerrt wSI next be described. 

Using a connedinQ contponent befeveen a roof rail 
and a center piltar of a vehk^e. the possljilify of a reektc- 
tion in the thickness of a pane), a fHhng range of the 
Ibamable material and the rigidity were confirmed. 
^ecBications of specimens and test conditions are 
shown in FIG, n . The f lexuai rigidity arwl twsting rigid- 
ity were evaluated. As shown in FK3. 12. the results 
wwe expr^^ in terms of percent ImprDvemfflTts over 
tiTOse of i^secimens of ttie curr^t plate thickness whidi 
were not filled vwtfi any foamed material. 

Described specificaily, the thickness-reduced spec- 
imerrs were in^roved by as much as 3.0 times in twtsl- 
ir^ rigidity and by as much as 3.7 fimes in ffexurat 
ri^dity {forward direction}. In partKular. ttie fleatwal 
rigidity in the inboard direction wae improved by as 
mteh as about 8 times. Substantial advantages are 
therefore brousH* ^ul by f iHing the foam. This can be 
considered to be attributable to effeds of the tftickness 
that the a^oss-sectional sh^ was convex in an tHJt- 
board direction in both the roof rail and the center pillar. 
Furttier. the percent improvement of the rigidity of the 
partially-filled specimen was not substantially smaller 
than that of the fJI-surface filled ^ecimen, thereby 
demcnstrating a small corrtribution of the filling range of 
the foamable mctteriai. This indicates WaA a partiaily- 
fiUed KHuponent can extmi sufTiciertt effects. Accord- 
ingly, partial filing results in smaller Increases in cost 
and weight and is consid^ed to be an advantageous 
corsdition for pacBcaS adoption. 

A further descripticsi will now be made dbout quaNty 
confirmation m real vehicles. 

By flying the heat-foamable filling reinforce- 
mertts 1 according to the present invention to various 
sites of the vehicle 10 constructed by connecting plural 
closed-section structure nrtendiers ajch as the pilars 
1 1-13. roof rails 14 and side siMs 15 as illustrated in FIG. 
1 and FIG. 2, a variety of ccrtirmation tests were con- 
ducted to deternine qptHnal efJecte. Specificaly, the 
heat-foamable fWkig retnforcenente 1 were ^^ted in 
the connecfing portion between the center jsllar 12 and 
the roof rail 14 and also in ttie front pfflar 1 1 . Nam^y, in 
a vehicle struciure constructed by connecting the plural 
ctoed-sectton structural merrfcers 11-15. the heal- 
foamaWe filing reinforcwnents 1 wfach ajntains tfie 
epoxy resin material, the synthetic rtisber maieiaJ and 
tlie thermt^lastic r^n matK^ial as componerrts are 
fiMed (csrtiaMy m the cannecting portion between the 
closed-section structural membere and also adjacent to 
the connecting portiw, specrficalty, in a portion adjacent 
to the connecting pw^m, for exairple, within 300 mm 
from tie cormectif^ portion, resp«:tively. 

A rigidity wsb conducted virWIe flying a load 
to a point A at a right ar^le in an if*oard direction in 


FIG. 1 , A noise insulation test was conducted by meas- 
uring a noise level at a point B by a microphone hi FIG. 
2. 

Rrst, as a resuft of an inboard, stetic load bendir^ 
5 test of the center pillar 12, a rigidity improvement by as 
much as about 14% was observed over the center pillar 
not filled with the foamable material. A rise in loaj on a 
foad-displacement cun/e was steep, that is. the dis- 
placemeit at the time of the peal load was ^ nwch s& 
10 about 7 mm, thweby demonstrating that the foamatile 
material is also expected to bring i^ut an rnprovement 
in energy atecnption (see FIG. 13). 

Coicerning flie noise insulation, on the other hand, 
the internal noise of the frwii pillar diaing 100 hmftr nm- 
IS ning was reduced by 7 to 8 dB on average in a fre- 
quency range of 2S0 He and higher, fliw^ 
demonstrating suffident effects (see FIG. 14). 

Incidentally, those which were referred to above 
wlh rwmeral 1 in ttie above Examples (the foamatte 
so materials, developed materials and fte like) all hdicate 
heat-foamable or heat-foamed filling reinforcements 
accordng to the present invention. 

Accordingly, the fcMlowing matters can be men- 
tioned. 

ss fo 6sa\ Btampte. the rijpdity o* the closed-section 
struciure vras successfully improved owing to the use of 
the heat-foamable filling reinforcement 1. This mates it 
possWe to achieve a weight reductfon through a reduc- 
tion h the thickness of the panel and also to c^wiats a 
30 reinforcement part such as a twik-head. As a conse- 
quence, the prescrtoed effect can be djtained (a weight 
reduction as much as several kilograms per vdiide) 
whHe sufficiently assursrig the conventional noise insula- 
tion. 

35 Needless to say. ttie heat-loam^ fining reinforce- 
ment 1 ttrtiich contains tiie epoory resin materia, the syn- 
thetic futjber materia! and the ttiermofrtastic resin 
material as components can be fBled over a substantial 
portion (including tie whole portion) of the interior of 
« each closed-section smjctural member such as a fstlar. 

CAPABtLITY OF EXPLOrTATION IN llvTOUSTRY 

According to the preserrt invention, substantial 
*6 inprovemenfs can be achieved in flexurai rigidity and 
twsttr^ rigidity and also improvemente in energy 
absorption characteristics. This invention therefore 
suited fcw use in reinforeed dosed-section structural- 
mwtoer strucfejres of a veNde st«!h as an autraiK^e. 

Claims 

1 . A heat-foamatte filling reinforrament characterized 
in that saW heat-foamatte fiffing reinforcement 
55 cofT^rises at le^ an epoxy resin material, a syn- 
thetic rubber material and a tharrKjplasttc ressi 
maleriai as componente. and said ^xjxy resm 
material amounte to 30-45 wt,%, said synthetic ni> 
ber material amourrts to 5-1 S wt% and said th^- 
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mqplastic r^n material amounts to 5-1 5 wt.%, wittt 
the total d the vi^ight iKrcentages erf the imiivkkjal 
conponente being in a range not exceeding lOO 
wt.%. 

5 

2. A heat-foam^3te filling reinforcement according to 
claim 1, wherein said heat-loam^e fiBIng rein- 
lorcement (1) conpris^ a fWer as a componerrt, 
and said amounts to 40-50 wt.% with tt» total 
of the weight percentages ol the individual compo- lo 
nents yncluding said filler being in a range not 
exceeding 100 wt.%. 


(1} has been formed using a foamatte material 
whose expansiCHi ratio ranges from 200 to 500 per- 
cent after heating and curing. 


3. A reinforced closed-section striKtural-mennber 
structure making use of a heat-foamabte KSng rein- is 
forcement and formed of plurat ck>sed-section 
striebjral members (11-15) connected together, 
characterized in that said ciosed-«ection structural 
merrtoers (11-15) are internely fWed wi^ a heat- 
foamed fiifing reinforcement (1) which comprfees an so 
epoxy resin materiai, a synthetic n±bm materia! 
and a thermoptastic resin material as components. 

4. A reinforced closed-section strireturaf-mwnber 
structure aocordng to ctatm 3. wherein said heat- ss 
foamed filing reinforcement (1) comfxises a m& as 

a component 

5. A reinforced dosed-sedion struchjral-member 
Etruc^re accc^ng to daim 4, wherein said tieat- so 
foamed filling reinforcement (1) comprises calcium 
caitmate as a component. 

6. A reinforced Closed-section structural-member 
structure according to claim 3, wherein said heat- as 
foamed filiir^ reinforcement (1), which conprises 
said epoxy resin mate-ial, said syr<h^ rM3& 
ntata^iat and $^ themioplastic resin niaterial % 
said conixwierits, is |>artiaBy fined in or ad}acent to 
connected pm& of saki ciosed^ection structural 4o 
members (11-15). 

7. A reinforced closed-section structural-niOTib©' 
structure according to claim 3. wherein said epoxy 
resin material amounts to 30-45 wt.% and is in the 4S 
form of a foamed materiai, said synthetic riM>& 
materiai amounts to 5-15 wt.%. arKl said t»emio- 
pl^lic resin material amounts to 5-15 wt.%. 

8. A reinforced dosecJ-section sfructural-member so 
Etruc^ire according to claim 6, wherein said ^xay 
resin materia amoimts to 30-45 wt.% and is in #ie 
form of a foamed material, said synthe^ rubber 
material amounte to 5-15 wt.%, and said thernio- 
plasfcc resin material anwunts to 5-15 wt.%. 55 

9. A reinftyced dosed-secfSon slmckBr^-membef 
structure acconcing io ary one of dahns 3, 6, 7 arxi 
8. whwein said heat-toamed fBHng reftTlbrcement 
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Fl G. 4 


PRE - FOAMED 
REINFORCEMENT LAYER a 
(THICKNESS : OPTIONAL) 


\-^ADHESJVE LAYER b 
(0.3 -O.Smm ) 

^RELEASE PAPER c 
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FIG. 13 


VEHICLE WITH FOAMED MATERIAL 


VEHICLE WITHOUT FOAMED MATERIAL 


0 20 30 40 ^ 60 
DISPLACEMENT (mm) 
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FIG. 15 


Components of Developed Material 
and Objectives of Their Addition 




Material 

Weight 
percentage 
(wt.%) 

Objective 
of 

addition 

Epoxy resin 

35 

High rigidity, 
high durability, 
high adhesion 

Synthetic rubber 

8 

Formability 

Thermoplastic 
elastomer 

6 

Adjustment of 
melt viscosity 

Foaraing agent 

2 

Foaning 

Curing agent, 
curing accelerator 

3 

Crossiinking of 
epoxy resin 

Carbon black 

2 

Reinforcement 
Coloring 

Filler 

44 

Shape retention 

Total 

iOO 



FIG. 16 


Compositions and Principal Physical Properties 



Ex. 1 

Ex. 2 

Comp. 
Ex. 1 

Comp. 
Ex. 2 

Epoxy resin (wt.%) 

35 

35 

35 

35 



10 


8 

SBR-1S02 <wt.%) 



8 


Modified styrene (wt.%) 

7 

6 

7 


Organic bentonite 

(wt.%) 




7 

Foaffiing agent (wt.%) 

2 

2 

2 

2 

Curing agent (wt.%) 

3 

3 

3 

3 

Calciun carbonate 

(wt.%) 

45 

44 

45 

45 






Expansion ratio (%} 

350 

330 

100 

150 

Sags (mm) 

15 

15 

15 

20 

Greased surface 
adhesion 

A 

A 

C 

A 


A: good, C: unacceptably poor. 
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FIG 17 


Compositions and Principal Physical Properties 



Comp. 
EX. 3 

Comp 
Ex. 4 

— 

Ex. 5 

ExT^e 

Epoxy resin (wt.%) 

35 

35 

35 

35 

Modified NBR (wt.%) 

25 

8 

8 

2 

SBR-1502 (wt.%) 





Modified styrene (wt.%) 

7 

20 

2 

7 

Organic bentonite 

(Wt.%) 





Foaming agent {wt.%) 

2 

2 

2 

2 

Curing agent {wt.%) 

3 

3 

3 

3 

Calcium carbonate 

(wt.%) 

25 

32 

50 

50 






Expansion ratio (%) 

200 

270 

360 

250 

Sags (rm) 

25 

10 

65 

25 

Greased surface 
adhesion 

B 

C 

A 

A 


A: good, B: sojnewhat inferior, C: unacceptably poor. 
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Compositions and Principal Physical Properties 


Co 
& 

;;^;;;^j^^g__^^^_^Materials 
Physical proper^Ie§""~"---..-,,,,..,_^ 

Developed 
Material 

Comp. 
Material 

Comp, 
Material 

j Composition, % 

Rubber-modified epoxy resin 

35 

30 

35 

Plasticizer 

0 

3 

5 

High-compatibility rubber 

8 



General-purpose synthetic 
rubber 


16 

15 

Thermoplastic elastomer 

7 

7 

2 

Filler 

45 

40 

35 

Others 

5 

4 

8 

* 

a, 

Ot 

Expansion ratio (%) 

280 

100 

250 

Modulus of flexural 
elasticity ^^^^^ 

550 

100 

80 

CU 

Saggs (mm) 

15 

15 

60 


* PPP: Principal Physical Properties 
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Principal Physical Properties of Developed Material 





Results 


Tested properties 

Developed 
Material 

Current expand- 
able filling 
material 


Specific 
gravity 

Before baking 

1.21 

1.10 

u c 

O-H 

After baking 

0.40 

0.13 

SQU 

Ash content * 

180* X 20 nin 

22.8 

16.1 

rtiei- 

Water . 
absorption 

20*C 

X 24 hr 

3.0 


propel 
■ curanc 

Post-water- 
absorption % 
restorabil ity 

20-C H2O 

X 48 hr 

2.7 

1 . 3 

sicaX 
after 

Flexural 
strength 

Under 20 'C 
atmosphere 

1.7 

- 

>t 

c 

Compression 
strength MPa 

Under 20*C 
atmosphere 

1.3 



Adhesive 
strength 

Under 20*C 
atmosphere 

2.7 

0.03 



20' X 3 hr 

3 


ertie 
on 


After 
80* X 336 hr 

6 


OU) 
OC 

•o 

Impact 
resistance 
(times) 

After 50', 
95% X 336 hr 

13 


Sical 

of a, 

After 
S heat cycles 

6 


a. 


After 40*C 
H2O X 336 hr 

20 



Corrosion 
resistance 

After 48 dry/ 
wet cycles 

No 
rusting 

No rusting 
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FIG. 21 
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